Spectral characterization and biological evaluation of Schiff bases and their mixed ligand metal complexes derived from 4,6-diacetylresorcinol  by Pandya, Jignesh H. et al.
Journal of Saudi Chemical Society (2014) 18, 190–199King Saud University
Journal of Saudi Chemical Society
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLESpectral characterization and biological evaluation
of Schiﬀ bases and their mixed ligand metal
complexes derived from 4,6-diacetylresorcinol* Corresponding author.
E-mail address: jhpandya@gmail.com (J.H. Pandya).
1319-6103 ª 2011 King Saud University. Production and hosting by
Elsevier B.V.
Peer review under responsibility of King Saud University.
doi:10.1016/j.jscs.2011.06.010
Production and hosting by Elsevier
Open access under CC BY-NC-N
Open access under CC BY-NC-ND license.Jignesh H. Pandya a,*, Rajendra N. Jadeja b, Kalpesh J. Ganatra ca Chemistry Department, Christ College, Rajkot, India
b Department of Chemistry, The MS University of Baroda, Vadodara, India
c Chemistry Department, M.V.M. Science and Home Science College, Rajkot, IndiaReceived 29 April 2011; accepted 18 June 2011
Available online 25 June 2011KEYWORDS
4,6-Diacetyl resorcinol;
Mixed ligand metal complex;
Antimicrobial activityAbstract In the present study two new series of Copper(II), Nickel(II) and Cobalt(II) complexes
with two newly synthesized Schiff base ligands 4,6-bis(1-(4-bromophenylimino)ethyl)benzene-1,3-
diol (H2L
1), 4,6-bis(1-(4-methoxyphenylimino) ethyl)benzene-1,3-diol (H2L
2) and organic ligands
8-hydroxy quinoline, 1,10-phenanthroline have been prepared. The Schiff bases H2L
1 and H2L
2
ligands were synthesized by the condensation of 4,6-diacetyl resorcinol with 4-bromo aniline and
4-methoxy aniline. The ligands and their metal complexes have been characterized by FT-IR, Mass,
1H NMR, UV–Vis., elemental analysis, ESR and Thermal gravimetric analysis. The Schiff base and
their metal complexes were tested for antimicrobial activity against gram positive bacteria Staphy-
lococcus aureus, Streptococcus pyogenes and gram negative bacteria Escherichia coli, Pseudomonas
aeruginosa and fungus Candida albicans, Aspergillus niger and Aspergillus clavatus using Broth Dilu-
tion Method.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.D license.1. Introduction
Metal chelation is involved in many important biological pro-
cesses where the coordination can occur between a variety of
the metal ions and a wide range of ligands (Rosette, 2002;
Crichton, 2008). Generally, the chelating ligand is a polyfunc-
tional molecule which can encase the metal in an organic
sphere. Many types of the Schiff base ligands are known and
the properties of their derived metal chelates have been inves-
tigated (Pandya and Ganatra, 2008; Pandya and Shah, 2008).
Acyclic ligands having nitrogen, oxygen and sulfur donor
atoms in their structures, can act as good chelating agents
for transition and non-transition metal ions (Muhammad
et al., 2007; Spinu et al., 2008). Numerous Schiff bases and
Scheme 1 Reaction scheme of ligand.
Spectral characterization and biological evaluation of Schiff bases 191their transition metal complexes have been investigated by var-
ious techniques for different purposes (Parmar and Teraiya,
2009; Sitkowski et al., 1996; Tanaka et al., 1991; Vyas et al.,
2011a). Schiff base metal complexes have been widely studied
because they have industrial, antifungal and biological applica-
tions (Kumar and Chandra, 2011; Ofﬁong et al., 2000; Patil
and Chaurasiya, 2008). They serve as models for biologically
important species and ﬁnd applications in biomimetic catalytic
reactions. Chelating ligands containing O and N donor atoms
show broad biological activity and are of special interest be-
cause of the variety of ways in which they are bonded to metal
ions (Hung and Lin, 2009). Alkyl resorcinol and aromatic res-
orcinol are reported to possess valuable therapeutic and anti-
septic properties. Alkyl resorcinol like 4-n-butyl resorcinol
has been used in skin creams and lotions which are claimed
to have good bleaching and antimicrobial effects. 2-Alkyl res-
orcinol (where the alkyl group is linear) has been reported to
have skin depigmentation properties (Gadgil et al., 2004; Bol-
linger et al., 1990). 8-Hydroxyquinoline and 1,10-Phenanthro-
line have been extensively used as a ligand in both analytical
and preparative coordination chemistry. As an important
building block, both the ligands units play an important role
in the development of the supramolecular chemistry (Li
et al., 2007).
2. Experimental
2.1. Materials
4,6-Diacetylresorcinol was synthesized according to the meth-
od reported in the literature (Anjaneyulu et al., 1979). Cop-
per(II), nickel(II) and cobalt (II) were used as nitrate salts
and were obtained from rankem. All amines and organic li-
gands (8-hydroxyquinoline and 1,10-phenanthroline) were
used from Merck, organic solvents EtOH, MeOH, DMF and
DMSO were reagent grade.
2.2. Physical measurements
IR spectra (4000–400 cm1) of the metal chelates were ob-
tained using KBr discs, on 8400 FT-IR SHIMADZU spec-
trometer. Mass spectra were recorded on QP 2010
SHIMADZU GCMS spectrometer. 1H NMR spectra of li-
gands were recorded on Bruker Avance II 400 MHz FT-
NMR spectrometer using TMS as an internal standard and
DMSO-d6 as a solvent. ESI mass spectra of complexes were re-
corded VG-70-S Spectrometer. Electronic spectra of the metalcomplexes in DMF were recorded on a Perkin Elmer Lambda
19 spectrophotometer, and ESR was recorded on E-112 ESR
spectrometer, at X-band microwave frequency (9.5 GHz) with
sensitivity of 5 · 1010 DH spins. Molar conductance of the me-
tal complexes was determined on Systronics direct reading
conductivity meter type CM-82T. TGA was carried out by
using Perkin Elmer (Pyris 1 TGA) from 50 C to 800 C under
heating rate of 10 C/min. Elemental analysis (C, H and N)
were carried out on Elemental Analyzer PERKIN ELMER
2400, and analysis of metal was carried out by EDTA titration
method, in which the metal complex ﬁrst evaporate in conc. ni-
tric acid and prepare a stock solution. This solution with
ammonia then titrates against EDTA by using appropriate
indicator. The M.P. of ligands was carried out by a standard
laboratory thermometer. Magnetic moment of the compound
was measured by GOUY balance using Hg[Co(CNS)] as
standard.
2.3. Synthesis of Schiff bases
The Schiff base ligands H2L
1 and H2L
2 were synthesized by
adding 4,6-diacetyl resorcinol (4.85 g 25 mmol) dissolved in
hot absolute EtOH (20 cm3) to 4-bromoaniline (8.6 g,
50.0 mmol) and 4-methoxy aniline (6.15 g, 50.0 mmol) respec-
tively, in absolute EtOH (20 cm3). The reaction mixtures were
heated to reﬂux for 4 h. The products obtained were ﬁltered off
and washed several times with a small amount of EtOH then
ether. The products were kept in a desiccator until used.
Recrystallization was carried out in EtOH. The progress of
the reaction was monitored by TLC. The yields were 85%
for H2L
1 and 80% for H2L
2. M.P. of these two ligands are
179 C and 192 C, respectively (Scheme 1).
2.4. Synthesis of metal complexes
An ethanolic solution of the metal (II) nitrate (hexahydrate)
(20 ml) was gradually added to an ethanolic (30 ml) solution
of the Schiff base ligand in 2:1 molar ratio and the solution
was stirred for 1 h. An ethanolic solution of the other ligands
L0 (L0 = 8-HQ, 1,10-Phen) was then added to the previous
solution in the molar ratio 2:1. The solution was continuously
stirred for 4 h, during which the metal complex precipitated.
The resulting precipitates were ﬁltered off, washed with
ethanol then diethyl ether and ﬁnally air-dried. The complex
is air stable in the solid state and soluble in DMF and/or
DMSO. The progress of reaction was monitored by TLC
(Scheme 2).
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Table 1 The analytical and physical data of H2L
1 and H2L
2 Schiff base ligands and their metal complexes.
Ligand or complex Formula M.W. Color Yield (%) M.P. (C) Elemental analysis (%) Found/(Calcd.)
C H N M
1 H2L
1 C22H18Br2N2O2 503.2 Reddish brown 85 179 52.50 (52.62) 3.55 (3.61) 5.51 (5.62) –
2 H2L
2 C24H24N2O4 403.46 Brown 80 192 71.21 (71.25) 5.89 (5.85) 6.87 (6.90) –
3 [Co2(L
1)(8-HQ)2(H2O)4]ÆnH2O C40H28Br2Co2N4O4 978.35 Reddish brown 85 >300 53.10 (53.01) 3.04 (3.11) 6.06 (6.18) 13.20 (13.00)
4 [Ni2(L1)(8-HQ)2(H2O)4]ÆnH2O C40H28Br2N4Ni2O4 977.87 Green 81 >300 53.10 (53.04) 3.07 (3.12) 7.12 (6.18) 12.90 (12.96)
5 [Cu2(L
1)(8-HQ)2]ÆnH2O C40H28Br2Cu2N4O4 987.57 Deep blue 86 >300 52.52 (52.47) 3.00 (3.08) 6.02 (6.12) 13.70 (13.88)
6 [Co2(L
2)(8-HQ)2(H2O)4]ÆnH2O C42H34Co2N4O6 880.61 Reddish brown 81 >300 62.27 (62.38) 4.17 (4.24) 7.00 (6.93) 14.70 (14.58)
7 [Ni2(L
2)(8-HQ)2(H2O)4]ÆnH2O C42H34N4Ni2O6 880.13 Green 79 >300 62.30 (62.42) 4.18 (4.24) 6.88 (6.93) 14.40 (14.53)
8 [Cu2(L
2)(8-HQ)2]ÆnH2O C42H34Cu2N4O6 889.83 Deep blue 83 >300 61.79 (61.68) 4.27 (4.19) 6.70 (6.85) 15.48 (15.54)
9 [Co2(L
1)(1,10-Phen)2(NO3)2(H2O)2] C46H36Br2Co2N8O10 1138.46 Reddish brown 78 >300 51.48 (51.70) 2.89 (2.80) 7.00 (7.18) 12.11 (11.99)
10 [Ni2(L
1)(1,10-Phen)2(NO3)2(H2O)2] C46H36Br2N8Ni2O10 1137.98 Green 76 >300 50.08 (50.17) 2.90 (2.84) 7.92 (8.15) 11.19 (11.29)
11 [Cu2(L
1)(1,10-Phen)2] (NO3)2(H2O) C46H32Br2Cu2N6O2 987.69 Deep blue 84 >300 51.56 (51.50) 3.00 (2.96) 7.11 (7.19) 12.92 (13.00)
12 [Co2(L
2)(1,10-Phen)2(NO3)2(H2O)2] C48H42Co2N8O12 1040.72 Reddish brown 67 >300 60.21 (60.11) 3.29 (3.31) 7.79 (7.86) 12.99 (13.07)
13 [Ni2(L
2)(1,10-Phen)2(NO3)2(H2O)2] C48H42N8Ni2O12 1040.24 Green 62 >300 61.00 (60.78) 3.70 (3.62) 8.00 (7.96) 13.04 (13.11)
14 [Cu2(L
2)(1,10-Phen)2] (NO3)2.(H2O) C48H38Cu2N6O4 889.95 Deep blue 72 >300 60.29 (60.12) 3.00 (2.97) 7.88 (7.81) 13.71 (13.90)
1
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l.8-HQ: 8-hydroxyquinoline, 1,10-Phen: 1,10-phenanthroline.
Table 2 IR frequencies (cm1) of the Schiff bases and metal complexes.
Ligand or complex –OH (phenolic) or (water molecule) m(C‚N) m(M–O) m(M–N)
1 H2L
1 3400 1616 – –
2 H2L
2 3350 1618 – –
3 [Co2(L
1)(8-HQ)2(H2O)4]ÆnH2O 3500 1608 540 610
4 [Ni2(L
1)(8-HQ)2(H2O)4]ÆnH2O 3510 1605 480 590
5 [Cu2(L
1)(8-HQ)2]ÆnH2O 3440 1611 510 588
6 [Co2(L
2)(8-HQ)2(H2O)4]ÆnH2O 3500 1608 540 610
7 [Ni2(L
2)(8-HQ)2(H2O)4]ÆnH2O 3510 1613 480 590
8 [Cu2(L
2)(8-HQ)2]ÆnH2O 3440 1606 510 588
9 [Co2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 3500 1608 550 612
10 [Ni2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 3480 1611 495 595
11 [Cu2(L
1)(1,10-Phen)2] (NO3)2(H2O) 3460 1614 482 582
12 [Co2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 3490 1605 523 607
13 [Ni2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 3507 1613 490 575
14 [Cu2(L
2)(1,10-Phen)2] (NO3)2.(H2O) 3482 1612 521 600
Table 3 Electronic spectral data (nm) of the ligands and their metal complexes in DMF solvent, magnetic moments and molar
conductivities.
Ligand or complex Electronic absorption bands (nm) X1 (cm2 mol1) leﬀ (B.M.)
p–p*C‚N nﬁ p* and CT d–d
1 H2L
1 370 (1.07) 410 (2.42) – – –
2 H2L
2 373 (1.54) 400 (1.80) – – –
3 [Co2(L
1)(8-HQ)2(H2O)4]ÆnH2O 363 (2.98) 390 (1.70) 515 (4.04), 550 (1.07) 15 4.73
4 [Ni2(L
1)(8-HQ)2(H2O)4]ÆnH2O 365 (2.99) 410 (2.21) 473 (3.90), 675 (1.24) 12 2.83
5 [Cu2(L
1)(8-HQ)2]ÆnH2O 360 (3.80) 412 (2.10) 580 (4.20) 16 1.70
6 [Co2(L
2)(8-HQ)2(H2O)4]ÆnH2O 364 (3.22) 415 (2.15) 490 (3.60), 530 (5.30) 20 4.89
7 [Ni2(L
2)(8-HQ)2(H2O)4]ÆnH2O 362 (2.13) 410 (1.86) 510 (4.00), 670 (5.20) 22 2.88
8 [Cu2(L
2)(8-HQ)2]ÆnH2O 364 (3.22) 410 (2.21) 590 (3.18) 14 1.70
9 [Co2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 365 (2.97) 410 (2.10) 510 (4.00), 540 (1.01) 135 4.74
10 [Ni2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 361 (1.14) 412 (2.18) 510 (4.01), 730 (4.22) 140 2.86
11 [Cu2(L
1)(1,10-Phen)2] (NO3)2(H2O) 365 (2.13) 415 (2.12) 586 (4.32) 155 1.48
12 [Co2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 360 (3.55) 400 (1.80) 570 (1.58), 610 (3.47) 145 4.90
13 [Ni2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 364 (2.11) 390 (1.60) 530 (5.20), 735 (4.20) 165 2.92
14 [Cu2(L
2)(1,10-Phen)2] (NO3)2.(H2O) 362 (1.84) 410 (2.33) 594 (3.28) 160 1.50
Spectral characterization and biological evaluation of Schiff bases 193with the standard drugs ampicillin, chloramphenicol, nystatin
and greseofulvin.
3. Results and discussion
The Schiff base ligands, H2L
1 and H2L
2 were prepared by the
condensation of 4,6-diacetylresorcinol with 4-bromo aniline
and 4-methoxy aniline in molar ratio 1:2. The synthesized
Schiff bases and their metal complexes were characterized by
various analytical techniques such as IR, 1H NMR Mass,
ESR, UV–Vis. spectroscopy, conductance, magnetic properties
and TG analysis. Table 1 lists the physical and analytical data
of the Schiff bases and their metal complexes. The IR frequen-
cies of Schiff base ligands and metal complexes are given in
Table 2. Electronic spectral data, magnetic moments and
molar conductivities of the ligands and their metal com-
plexes are given in Table 3. The antimicrobial activities of
Schiff base ligands and metal complexes are listed in Tables
4a and 4b.3.1. Characterization of Schiff base ligands
3.1.1. IR spectra
The characteristic bands of the IR spectra of the complexes are
shown in Table 2. The IR spectra are consistent with the for-
mation of H2L ligands. The vibrational assignments were
aided by comparison with the vibrational frequencies of the re-
lated compounds, such as, the Schiff bases of salicylaldehyde
and resacetophenone (Lindon et al., 2000; Pandya and Shah,
2009). The fundamental stretching mode of the azomethine
moiety, m(–C‚N–), is readily assigned by comparison with
the infrared spectra of 4,6-diacetylresorcinol (DAR), and
substituted amines. The intense band at 1620–1612 cm1 for
the ligands are assigned to the –C‚N– stretching frequency
and is characterized for the azomethine moiety of most Schiff
base compounds. In the infrared spectrum of the H2L ligand,
the absorption band of the C‚O group in the 4,6-diacetylres-
orcinol disappeared, which indicates that the condensation has
occurred. The IR spectrum of the ligand shows a broad band
Table 4a Antibacterial activity of Schiff bases and metal complexes.
S. no. Ligand/complex E. coli P. aeruginosa S. aureus S. pyogenus
MTCC-443 MTCC-441 MTCC-96 MTCC-442
Minimal inhibition concentration (MIC) (lg/ml)
1 H2L
1 250 250 250 250
2 H2L
2 250 100 250 250
3 [Co2(L
1)(8-HQ)2(H2O)4]ÆnH2O 250 250 500 500
4 [Ni2(L
1)(8-HQ)2(H2O)4]ÆnH2O 500 500 1000 1000
5 [Cu2(L
1)(8-HQ)2]ÆnH2O 125 250 250 500
6 [Co2(L
2)(8-HQ)2(H2O)4]ÆnH2O 250 100 250 500
7 [Ni2(L
2)(8-HQ)2(H2O)4]ÆnH2O 100 500 500 100
8 [Cu2(L
2)(8-HQ)2]ÆnH2O 500 250 500 250
9 [Co2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 62.5 125 200 250
10 [Ni2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 100 125 500 500
11 [Cu2(L
1)(1,10-Phen)2] (NO3)2(H2O) 500 500 250 250
12 [Co2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 250 250 100 500
13 [Ni2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 250 500 500 500
14 [Cu2(L
2)(1,10-Phen)2] (NO3)2.(H2O) 500 250 100 250
Standard drugs
1 Ampicillin 100 100 250 100
2 Chloramphenicol 50 50 50 50
Table 4b Antifungal activity of ligands and metal complexes.
S. no. Ligand/complex C. albicans A. niger A. clavatus
MTCC-227 MTCC-282 MTCC-1323
Minimal inhibition concentration (MIC) (lg/ml)
1 H2L
1 1000 100 500
2 H2L
2 250 250 250
3 [Co2(L
1)(8-HQ)2(H2O)4]ÆnH2O 500 400 1000
4 [Ni2(L
1)(8-HQ)2(H2O)4]ÆnH2O 500 500 250
5 [Cu2(L
1)(8-HQ)2]ÆnH2O 500 250 500
6 [Co2(L
2)(8-HQ)2(H2O)4]ÆnH2O 1000 1000 500
7 [Ni2(L
2)(8-HQ)2(H2O)4]ÆnH2O 500 500 250
8 [Cu2(L
2)(8-HQ)2]ÆnH2O 500 100 500
9 [Co2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 250 250 100
10 [Ni2(L
1)(1,10-Phen)2(NO3)2(H2O)2] 250 250 500
11 [Cu2(L
1)(1,10-Phen)2] (NO3)2(H2O) 500 500 100
12 [Co2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 250 250 500
13 [Ni2(L
2)(1,10-Phen)2(NO3)2(H2O)2] 100 500 500
14 [Cu2(L
2)(1,10-Phen)2] (NO3)2.(H2O) 500 100 250
Standard drugs
1 Nystatin 100 100 100
2 Greseofulvin 500 100 100
194 J.H. Pandya et al.at 3500–3200 cm1 due to the stretching vibration of phenolic
hydroxyl group, the broadness is due to intermolecular hydro-
gen bonding between the phenolic groups and the azomethine
groups (Emara and Abu-Hussen, 2006).
3.1.2. 1H NMR spectra
The 1H NMR spectra of ligands were recorded in DMSO-d6.
The proton NMR spectrum of one of the ligands is shown in
Fig. 1. The signal due to methyl protons appeared as singlet
in the range d 2.36–2.51 ppm, whereas signal due to methoxy
protons (ligand H2L
2) appeared as singlet at d 3.35 ppm. In
the aromatic region, a few doublets and in few cases some
overlapping doublets/multiplets are observed in the range d
6.40–8.35 ppm. Another singlet corresponding to phenolic pro-
ton is observed at d 12.91 ppm (Eberhard, 2002).3.1.3. Mass spectra
Mass spectrometry was performed on the two H2L ligands to
determine its molecular weight and fragmentation pattern. The
molecular ion peak was observed at m/e 504 and m/e 404, con-
ﬁrming their formula weights (FW) for H2L
1 and H2L
2 respec-
tively, which are same as the calculated m+ value (Pavia et al.,
2007; Vyas et al., 2011a) (Figs. 2a and 2b).
3.2. Characterization of metal complexes
3.2.1. IR spectra
The vibrational frequencies and their tentative assignments for
transition metal complexes are given in Table 2. The assign-
ments were aided by comparison with the vibrational frequen-
cies of the free ligand and their related compounds. There are
Figure 1 1H NMR spectra of ligand H2L
1.
Figure 2a Mass spectra of ligand H2L
1.
Figure 2b Mass spectra of ligand H2L
2.
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Figure 3a TGA curve of complex-5 {[Cu2(L
1)(8-HQ)]ÆnH2O}.
Figure 3b TGA curve of complex-10 {[Ni2(L
1)(1,10-
Phen)2(NO3)2(H2O)2]}.
Figure 3c TGA curve of complex-14 {[Cu2(L
2)(1,10-
Phen)2](NO3)2Æ(H2O)}.
196 J.H. Pandya et al.three conceptual features in the infrared spectra of the com-
plexes. The former one is the shift of the stretching frequencies
of the azomethine (–C‚N–) group of the transition metal
complexes to lower frequencies and lie in the range of 1605–
1613 cm1, compared with the free ligand bands at 1616 and
1618 cm1, which may be due to the coordination of the two
azomethine groups to metal ions. This lowering shift is not sig-
niﬁcant in most cases as expected and it is believed that, this is
due to the interference with the deformation of the water mol-
ecules associated with the complexes. The second feature is the
bands in the range of 3440–3510 cm1 which can be assigned
to the stretching frequencies of the m(OH) of water molecules
associated to the complexes which are also conﬁrmed by the
TG analysis. The third feature is the weak to medium bands
in the two ranges 480–590 and 575–612 cm1, which could
be assigned to the stretching frequencies of the m(M–O) and
(M–N) bands, respectively, supporting that the bonding of
the ligands to the metal ions is achieved by the phenolic oxy-
gen, and azomethine nitrogen atoms of the ligands (Nakamot-
o, 1997; Saleh et al., 2004). In the case of organic ligand 1,10-
phenanthroline, the NO3
 ion is attached to coordination
sphere as anion. The IR frequency of NO3
 ion in complexes
9, 10, 12 and 13 show three weak bands at 1340, 1050 and
990 cm1. The ms(NO3
) of the unidentate NO3
 is markedly
shifted to lower frequency compared to that of the free nitrate
(1384–1400 cm1) providing a measure of the covalent bond
strength due to transfer of electron density from NO3
 to
the metal ion. For the non-coordinate nitrate in complexes
11 and 14 a strong band at 1388 cm1 has been observed.
3.2.2. Electronic spectra, magnetic moments and molar
conductivity
The electronic spectra of the complexes showed several absorp-
tion bands, including absorption bands of the ligands and d–d
transitions of the metal ions (Table 3). The electronic spectrum
of the ligand H2L (10
3M in DMF), shows mainly three bands
at 210, 242 and 370 nm due to (1Laﬁ 1A1) and (1Lbﬁ 1A1)
transitions of the phenyl ring and p–p* transition within the
C‚N group. In addition, a broad band at 410 nm is due to
the n–p* transition which is overlapping with the intermolecu-
lar CT from the phenyl ring to the azomethine group. The elec-
tronic spectra of Co (II) complexes have multiple bands
observed at 428 nm, 390–410 nm and 480–500 nm. These
bands are ascribed to 4T1g(F)ﬁ 4T2g; 4T1g(F)ﬁ 4A2g and
4T1g(F)ﬁ 4T1g(P) transitions respectively, which is consistent
with the octahedral geometry. The Ni(II) complexes have three
spin allowed transitions at 250 nm, 462 nm, 520–581 nm and
735 nm. These bands are correlated to 3A2gﬁ 3T2g;
3A2gﬁ 3T1g(F) and 3A2gﬁ 3T1g(P) transitions, respectively
in an octahedral stereochemistry. The electronic spectra of
Cu(II) complexes shows a band in the range 580–595 nm for
2B1gﬁ 2A1g in a square planar geometry (Parmar and Teraiya,
2009; Parmar et al., 2010).
The magnetic moment value of the Cu(II) complexes 5 and
8 (1.70 B.M.) is very close to the spin value (1.73 B.M.) ex-
pected for one unpaired electron which offers the possibility
of an octahedral geometry. The magnetic moment of Cu(II)
complexes 11 and 14 show less value (1.48 B.M.). The larger
variation in the magnetic moment values (2.9–3.4 B.M.) for
a high-spin Ni(II) complex (2.83 B.M.) depends on the magni-
tude of the orbital contribution. The magnetic moment value(2.88 B.M.) in the present work is within the range expected
for similar octahedral Ni(II) ions. The magnetic moment val-
ues for the Co(II) complexes have been used as criterion to
determine the type of coordination around the metal ion.
Due to the intrinsic orbital angular momentum in the ground
state, there is consistently a considerable orbital contribution
and the effective magnetic moment lies between 4.7 and 5.2
Figure 4 ESI mass spectra of complex {[Cu2(L
1)(1,10-Phen)2](NO3)2(H2O)}.
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netic moment value (4.74 B.M.) suggests an octahedral geom-
etry for the Co(II) complex in the high-spin state (Kumar and
Chandra, 2011).
The molar conductance values of complexes 9 to 14 are be-
tween 120 and 165 and complexes 3–8 are between 14 and 22.
The higher observed values of 1,10-phenanthroline complexes
indicate that these are electrolytes due to displacement of the
coordinated nitrate ions by DMF. On the other hands the val-
ues of the molar conductance of complexes 3–8 suggest non-
electrolyte nature of these complexes of 8-hydroxyquinoline
(Vyas et al., 2011b).
3.2.3. Thermal analysis
Thermal methods of analysis open a new possibility for the
investigation of metal complexes. The thermal behavior of
all the metal complexes was studied by using thermo gravimet-
ric techniques at 50–800 C temperature range. The data from
the TG analyses indicated that the decomposition of the com-
plexes 3–8 proceeds in three steps. The complexes lost lattice/
coordinated water molecules between 50 and 200 C, the
decomposition of complex between 200 and 500 C and
formed metal oxides above 500 C for the Cu(II), Ni(II) and
Co(II) complexes. Water of hydration is associated with com-
plex formation and is found outside the coordination sphere
formed around the central metal ion (Prasad, 2007). The ther-
mal gravimetric analysis of metal complexes 9 to 14 proceeds
in four stages. The TGA curve of the complexes show loss of
lattice/coordinate water molecule between 50 and 200 C fol-
lowed by removal of NO3
 ion between 200 and 300 C in
the second stage. The third stage corresponds to the decompo-sition of complexes between 300 and 500 C. The curve at
500 C and above can be assign to the formation of metal
oxide of Cu(II), Ni(II), Co(II) in the forth stage (Jadeja
et al., 2004) (Figs. 3a–3c).
3.2.4. ESI mass spectra
Electrospray ionization (ESI) was ﬁrst employed more than
20 years ago, but it is fairly recently that it became a routine
technique for the soft ionization of a wide range of polar ana-
lytes, including biomolecules. For this technique, the analyte is
usually dissolved in a mixture of an organic solvent and water
with a pH modiﬁer. The presence of the pH modiﬁer ensures
that ionization takes place in the solution state. This is the only
common case where ionization occurs before ion vaporization.
Because ionization has taken place in the solution state by pro-
tonation or deprotonation of the analyte the molecular species
detected is almost exclusively [M+H+] in positive ion mode
and [M–H] in negative ion mode, and both these species un-
dergo very little fragmentation. The advantage of ESI mass is
that it often gives multiply charged ions for large molecules
with many ionizable functional groups. This has the advantage
of lowering the m/z ratio and there by allowing the determina-
tion of the masses of large molecule without the need for a
detector that has a large mass range (Barshick et al., 2000;
Chandra and Sharma, 2009). The molecular ion peak was con-
ﬁrming their formula weights (FW) for metal complexes,
which are same as the calculated m+ values (Fig. 4).
3.2.5. ESR spectra
The ESR spectra of all copper (II) complexes show intense
broad bands with average g= 2.00255–2.00277, at room tem-
Figure 5 ESR spectra of complex [Cu2(L
2)(1,10-Phen)2(H2O)4].
198 J.H. Pandya et al.perature. The value of average g and the shape of the ESR sig-
nals suggest square planar in coordination around the Cu (II)
ions (Raman et al., 2009) (Fig. 5).
3.3. Antimicrobial activities
The Minimal inhibitory concentration (MIC) against bacteria
and fungi of Schiff base ligands and their metal complexes
were compared with the MIC values of standard drugs (Ra-
man et al., 2009; Jarrahpour et al., 2004; Joshi et al., 2009) (Ta-
bles 4a and 4b).
The MIC values of the ligands H2L
1 (250 lg/ml) and H2L
2
(250 lg/ml) against S. aureus are comparable to standard drug
ampicillin. The ligand H2L
2 (100 lg/ml) show identical MIC
value against P. aeruginosa with reference to ampicillin. The
MIC values of ligand H2L
2 (250 lg/ml) is half in comparison
with standard drug greseofulvin against the fungi C. albicans,
while the MIC value of ligand H2L
1 (100 lg/ml) is comparable
to standard nystatin against A. niger.
The MIC values of metal complexes 5 (125 lg/ml), 7
(100 lg/ml) and 10 (100 lg/ml) are equivalent to the MIC va-
lue of ampicillin against E. coli, while the MIC value of com-
plex 9 (62.5 lg/ml) is slightly more than the standard drug
chloramphenicol against E. coli. The MIC values of the metal
complexes 6 (100 lg/ml), 9 (125 lg/ml) and 10 (125 lg/ml) are
nearly equivalent to the MIC value of ampicillin against P.
aeruginosa. The MIC values of the complexes 5 (250 lg/ml),
6 (250 lg/ml) and 11 (250 lg/ml) against S. aureus are similar
to that of standard drug ampicillin, while the complexes 12
(100 lg/ml) and 14 (100 lg/ml) show relatively low MIC value.
The MIC value of complex 7 (100 lg/ml) reveals an identical
MIC value against S. pyogenus with reference to ampicillin.
The MIC values of metal complexes 3 (500 lg/ml), 4
(500 lg/ml), 5 (500 lg/ml), 7 (500 lg/ml), 8 (500 lg/ml), 11
(500 lg/ml) and 14 (500 lg/ml) against C. albicans are similar
to that of standard drug greseofulvin while the complexes 9
(250 lg/ml), 10 (250 lg/ml), 12 (250 lg/ml) show relatively half
MIC values. The metal complex 13 (100 lg/ml) reveals identi-
cal MIC value against C. albicans with reference to nystatin.
The MIC values of complexes 8 (100 lg/ml) and 14 (100 lg/ml) against A. niger are comparable to the standard drugs nys-
tatin and greseofulvin. The MIC values of the complexes 9
(100 lg/ml) and 11 (100 lg/ml) against A. clavatus are compa-
rable to standard drugs nystatin and greseofulvin.
4. Conclusions
The two Schiff base ligands H2L
1 and H2L
2 behave as dibasic
tetradentate ligands with a ONNO donor sequence coordinat-
ing through the nitrogen of the azomethine and both oxygens
of the phenol groups. All the complexes have a polymeric octa-
hedral geometry with a ligand: metal: ligand ratio of 1:2:2.
Coordinated water molecule is found in all the divalent com-
plexes. On the basis of analytical, magnetic and electronic
spectral data polymeric octahedral geometries have been pro-
posed for all the complexes. The results of the biological
screening of the ligands and their metal complexes reveal that
the antimicrobial activities of the chelated ligands are en-
hanced as compared to the free ligands.Acknowledgments
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